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A HIGH-INTENSITY NFUTRINO FACILITY AT LAMPF

Howarcl S. Matis, Lewis Agnew, Thomas J. Flowles, Robert L. Burman,
Richard K. Cooper, Thomas W. I)ombeck, Pobert J. Macek,

and Gerard J. Stephenson, Jr.

Los Alnmoe National Laboratory, Los Alamob, NM 87545

AB~TFAcT

A hiuh-intermity neutrino facility ic heinn
prog~,eed to be built ● t LAM’PF. Thin facility, which
uoea 100 UA of protons ● t 800 VeV incident upon a
graphite target, will be run in two modes. The @irnt
mode will use the usual 750-IJs Dulse width ● t 12 Hartz
at LAMPF. The necond one will use the Proton Storage
RinR (P5R), currently under construction, and compre88
the proton bursts to 0.270 UIS. In this mode pure beams
of hiuh-intun~ity nuutrinoe ●nd antinautrinom will be
created. fi~inR this facility, ona can ●ct.lave very
sensitive limits on nuutrino oscillations ●nd ● precioe
maasuramunt of neutrino-alactron scattering. In ●ddi-
tion, therw are many other interesting neutrino
scattering re~ctions to -tudy.
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A low energy and high intensity neutrino facility] has been desiRned

for the Los Alamos MeBon Phyaice Facility (LLYpF). This facility will pro-

vide intense time-eeparated neutrino beams from the primary beam at LAMPF.

From LAYPF, 100 VA of ROO-Mel- protons will strike a tarRet ●nd produce

ptons that will he magnetically focumed for increased inteneity ●n well ae

sign selection. Thus pura beams of high intensity muon neutrinos and muon

antineutrinoe will he provided. For most application, the proton6 will

paEn throuuh the Proton StoraRe Ring (PSR) now under conetruction,2 and

will be epilled on the production target in 270-na buret~ at 12 Hz that

will provide hacknround ouppreeeion ●nd allow reparation of ●lectron

neutrinon from muon neutrinon by timinR. This facility 18 de8iRned to

●ccommcdute experiments aearchinR for neutrino oscillations, experiments

uainR vv or 5 “’m from PIOR decay in flight, ●nd ●xperimentti uainu vv ●rid/or

vu ●nd ‘Je from ● beam rntop oource. In ●ddition, room has

●now for future additionm that might includa ●n ●dditional

device to store muons from pion decay in order to providm

hiRh-ener$v ve’m from muon decay. 3

The hmam trmnsport ●yctam ● t the nuutrino facillty

bsan left to

baam lina or a

a sourcu ~f

●now multiplexed operation of ●t lea-t 20fl MA of baam at LA?f?F, both with

tnd without the PSR. FiRura I shows thu ●ttraction of thq team from LAMPF

●nd ●nd FIR. 2 shuw- the layout uf tha beam tranmport system. When thu PSR

is in u-e, beam im ●xtracted in tha usual mann~r ●nd deflected hy ●

kicker-mpturn mannet ●y-tern into tho nautrino beam lific. Multiplexed

oporatlonm of tha hoam, whm r.!le PSR is not operatia#, Cm b. dons on a

pul.e-hy-puloo ?msls usinR tha kicker mmRnat to be iristallod in Lim ~ to

deflect puloeo into tha nmtrino beam line. In ,ithor runnin~ condition,

up to 100 UA of b-am can b. providal tr TarBat Call 1 ●t tha ●ximting
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neutron scattering farllity, while at least 100 IJA of beam can eimultan-

●ouely be provided to tht eutrino facility.

The proton beam ie focus~d onto the neutrino-production t~rflet in one

of three modes:

(1) the beam IS focu~ed onto a 3-cm-diameterB 40-cm-long carbon

production tarRet that IS followed by a 30-m-long pion decay

channel,

(2) the carbon production tarRet la moved on raile further down the

pion decay channel anti beam pipe with two quadruple douhlet~ la

installed. The beam 10 then focueed onto the carbon production

target, which is followed hy a 12-m-long (or 10 m) decay channel,

(3) the carhum production tareet iu removed ●nd the water-copper beam

etop ● t the ●nd of the decay channel serves ●m the neutrlno

nourcb!.

FiRur. 3 ohows ● layout of the neutrino beam line ●nd the nearby

axp~rimantal •r~as.

The pion-production tmrRtit will ba graphltc of ● dd~ign similar tu the

Biomcd targwt that has bean in usa for many years ● t LAHPF.4 da ●nticip~ta

t WJ runnlnfl conditions for the proton beam on tarRut: (1) the tranrnportlnR

of macru-puls~s diractly from the LAMPF iinmc, and (2) tho tran-purting of

tha wider div@rRuncu beam from tha P!W. In the first came WC can cxpoct

proton opot sicas -2 m FWHM●nd can uoo thin-diamater targato of ‘5 M.

Tlm PSR runninR conditions yisld ● hroadar spot bica, *1.2 cm FUHM,

rmquirinn ● l-cm-diameter tarRat to contain the hcam. As momt of the

●nticlpatatl ●mparlmantm will ho carried out umins tho PSRO this larxar

diamatar tarqot has been ucod in the followinfl ralculationa on thm ●xpactad

noutrino flux.
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A ❑ajor uncertainty in calculati~lg the neutrinv flux comes irom th~

lack of knowledge of the pion yields from such a target. Pion-yield croes

sections have been measured at LAMPF, TRIUMP, SIN and RNL for various

targets and Incident proton enerRles from 580 to 1000 HeV.5-10 The most

complete puhlimhed yield data are at 73(’I MeV by Cochran et al., 7 having

e:rors -5% to 10%. Theee have been augmented by recent experiments at

LAMPF that have taken data at 730 MeV.ll Also, dat., were recently taken on

to 45°.12 Thesew+ yields at R(N3 MeV for a series of anRles from 7°

results were used In our flux calculations.

The neutrino flux can be Rreatly enhanced by focuelnu the pions into

the decny channel toward the detector. A possible deelRn is a dipole

maunet. It will consiot of a large Fap (50 cm) magnet with ● 12-kC field.

The magnet wj’1 he positlonerl .iust downstream of the target. The pole

pieces ●re arranRed mynunetricmlly ●bout the tarfiet axis with the field

revermed in the lower ●ection. The trajectories throuRh the maRnet ● re

cuch that pions of one charRe state will ●xit ●pproximatclv parallel ti. ?he

decay tun~el axi~ for ●ll pion production ●nRlos within the forward 60°

cone. The othar charRwd fitate will be dafocusad. Thu total solid •n~le

auhtanded by the magnet lo ●bout 1.5 sr.

An alcernativu focusinq device it a magnmtic horn. The difficulty

with it- us~ is that it would havm co ba Dul-ed 10 times fastur than other

horns have been epuratacl. Rccausa of ite ●dvantaRme in focuminR W, ● re

●ctively investigating possibl~ horn dgel~no.

To calculate tho neutrino flux, a Monte Carlo program 13 wam writtan

●scuming ● dipola maRnet far tha focumin$ davlce. With LFIC coda ona

calcul~tom that a d-cay channel lanRth of 12 m will produca 4 x 106 u/cm2-s

01 ● 100 MA proton currant with ●n ●vara~o neutrino ●naruy of 150 M-V. The
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correapondlnE energy spectrum for this case 1s shown in FiR. 4. The vu

flux, ●leo shown on that fluute, has an intensity of 1 x 106 ~/cm2-B and

has an average energy of 130 FleV. At much longer detector distances where

the decay channel length doen not affect the solid angle at the detector,

such ac for the oscillation experiments, a 3f3-m decay channel lenRth is

more desirable. This configuration yields a factor of two more neutrino

flux over the 12-m decay lenRth.

We have the capability of ●djuating the neutrino-enerRy spectrum and

shifting the peak hy at leaat 50 I’leV. This can be accomplished by (1)

lowerinE the proton enerRy coming out of LAMPF, (2) adjuatinq the dipole

current, and (3) Placing PIURS downstream from the tarRet to .;pecifically

●bsorb certain pion component out of the beam before they can decay. This

enerRy adjustment capability may be Important for reducinR or detennininR

backgro~ As and for obtaininR two separate ●ner~y ❑eaaurementa that could

he useful in the neutrino oscillation experiment. In neutrino-alectron

scattering ●djumtinR the Uu spectrum to overlap the vu spectrum may

eliminate ● wjor ●uurce of uncertainty in the measurement of the l?einherg

●ngle.

The ~ealllta prusented in Fig. 4 ●re reprsaentativa of ●xpectad fluxes

●nd have been used in this proposal to calculate ●vent ratea. The flux

optimization has not been completed. Increasing the repetition rate of the

rinu, ●n improved focuain~ device, or ●n increased proton energy, can

Rraatly improve the ●vent ratea.

Scaling the numbers from the currtnt Line A haam ●top (cne Raf. 14) we

find flux-a of each saparatw ntutrino type (Vu, vu, Ve) ●t ● tkm detector

dictance from tile baam atop to ha ●t l-amt 9 x 106 ‘W/cm2-a. Tlm ●horc time
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ntructure of the PSR pulse will make It possible to distinguish v= and 3 u

neutrino~ from muon decay, from the Vv neutrinoe.

Both positive ●nd neRative pions are prodvced in the tarfcet, so the

cleanlineee of the resul:ant neutrino twamt3 will depend on the

●ffectiveness of the focueinR device to bend the unwanted pions out of the

line of fliRht to the deteccor. The Monte Carlo calculation was used to

estimate the amount of the wronU-eiRn neutrinoe that strike the detector.

We found that fJ the Vu beam lV/UV = 0.005. In the corresponding fiu beam

We found V./l = 0.04.
bu

Muon8 from the pion decayB can ●leo produce a ve background. However,

the muon decay length ie ’200 times lonRer than for piono. After

considering anfiular dimtrihutionm along the 12-m long decay chanl~el, we

find a background Ve/VU = 0.001. Also, the Ve background ●nerRy spectrum

peaks at 120 MeV ● o ohown in Fig. 4, which is considerably lower than the

spectrum. The backgrounds of Ve’
‘u

s are worm- ●t high-energy ●ccelerator

due to ●n ●dditional source from Ke3 decavo that i- not present at LA~F=

ANL’5 found 4).5% ve/vv while CERN16 had 0.2% to 3.0% contamination

depending on the nautrino ●nergy. Fermllah22 ●stimates ● 1.(I? v=

contamination.

In desiRning ● detector that is suitable for the pSR facility, ● few

points ●re important to consider. The ●nergies involved ● re low, ●o meet

often only one ●nerRetic char@ track ●merRee from the vertex. Host often

this uingle track is ● n ●lectron or muon. Its datection la poeelbla only

if it travalm throuRh a mufficiantly lar~e number of tracking unit- in the

datactor. To ●chiave hinh detection ●fficienciom require. ● ●o~ntation

much finer than at himher-mn@r8y ●ccolerutor~. ‘Tim htector must ●leo
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provide Rood particle type reparation by dE/dX, range, or a particle decay

signal.

A deeiRn of a detector in

in mhoun in Fig. 5. There

mcdule giving tvo X- ●nrltwo Y-

an experimental proposal to the facility17

will he four drift chamber eubunitn in each

position coordinates per ❑odule. plJlge

heights will aleo he recorded for each wire hit. Each module will have its

own hodoucope bank to be used in the triRRer.

Aluminum plates

part of the drift

T-beams will he used

the aluminum Into

(5 m on ● side a~d 1/4 cm thick) will be an integral

chamher 8tructure forming ita front and back walls.

as spacers to form the drift regiono. Incorporating

the drift chamhero results in simple, rigid, and

self-supporting construction. The drift reRion will be 1 cm in width nnd

wires =111 he strung ●very 1.5 cm. The wiree will ●lternate ●e cathode

wjrem ●nd sense wires. With thio ●rranR~ment, the cathode wire~ will

reeolve the left-right ●mhiRuity problem by ❑aking uoe of the fact tk,at the

induced oignal 10 strongest on the eide of the oense wire where the

particle travermed (see Ref. 15).

The ocintillator planea will be 2 cm thick with one 5-m x 5-m plane

per module. Timing ●nd proportional information will he recorded for each

phototulw in ● faohion similar to the drift chamber wires, thouuh in some

raoee we will want to rtigioter ao many ● s three signals for ● single ●vent.

The detector vill provide good muon and ●lectron identification ueing

decny timinR ●nd dE/dX information. Ca-a raym vill also be readily

identified after their conversion to tvo alactrons ~ielding ● twice mi~;mal

(IR/dX siRnal. A180, the dapositad ●nergy in the scintillator will give ●n

eotimate of the particlo’a kinetic ●nergy.
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The high detector Granularity permits many coordinates to be

registered on a track yielding good angle resolution. Even with the high

granularity, the overall detector density is large (0.9 ppn/cm3). This is

●n important coneideratlon at “.AMPF ener~ies beu,ause the rapid flux

decreat?e along the length of the detector dictates as ~horl. a detector as

possible to optimize event rates.

In crder to discriminate against cosmic ray background striking the

detector, it is necessary to detect cosmic rays. The neutrino events will

generally he contained vj,thin a small reEioa in the detector due L~ the

small energies involved. Therefore, the use of an active cosmic-ray veto

Permits inclusion of almost all of the detector volume (-80%) into its

fiducial reRion. We are anticipating that the outer 50 cm of the detector

in each direction will be used as ,ar: of the cosmic-ray veto system.

The anticoincirlence shield is composed of two layers (l-X and 1-Y) of

drift chambers, or possibly scintillators, that completely eurround the

main detector, except underneath. The anticoincidence chambers may be of

the same design as in the detector modules, but will not include

proportional mode electronics. This counter tiould provide rejection

-Aefficiencies ‘1O for charged particles, which is sufficient far the

background levels expected. To provide rejection of electron ●vents

originating from stopped cosmic muons in the detector, the antlcolnciflence

shield will be checked for ● signal for periods up to 25 usec hefore the

event in the main detector, usinR a delayed coincidence measurement system

similar to that being used in LAMPF Experiment 225. 16

With the facility and detector described ●bove, ●vent rates can be

calculated. l%eae rates for 100 days of beam time ● re shown in Tab~.e I.

For the reactionm conmidared the number of detectad neutrino ●vents are
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larze, showinu the richness of the facility. Furthermore, because of the

low backRrouncis due to the short time etr~cture of thi6 machine, excellent

precision can ~e expected.

In fact, with this facility it will be possible to study with great
.

sensitivity oscillati~n phenomena with a v ~ beam. Using a 500-ton detector

at 3800 ❑ and another 20-ton detector at 200 meters, one can achieve

extreme sensitivities to neutrlno oscillations. The proposed location of

those detectcrs relative to LAMPF is 6hown in Fig. fi. With this

confiRaration Ue can achieve, at 90% confidence limits, an upper limit of

2 for the exclusiveAm* <0.01(eV)2 for vu disappearance and 0.001(eV)

channel

anything

on the

● Ve.
‘IJ

proposed

v + Ve. These
u values are an order of magnitude better than

proposed elsew;;ere. For large Am2, the experiment can set limits

lllixinR anRle of Sin22d = 0.17 for VP disappearance and C.001 for

These lim?ts 6hould be compared to the current results and

experiments that are shown in Fig. 7.

lJsinR a 5fi0-tondetector at a po6ition close to the production area,

one can measure v~-e and ~ -e elastic
u

to determine the fundamental coupling

‘with an accuracy of e few percent and

space-time structure of the neutral

scattering with sufficient precleion

constants of the weak neutral. current

to make definite statements about the

current. A unique measurement of the

differential distribution is made possible by the relative wide anuular

di6trlbutlons of electrons due to the low neutrino enerRies available at

thiB facility. The purity and low

crucial to reduce backgrounds

●xperiment.

energy of the neutriiio beam are also

and other systematic errors in this
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Ar,otherunique feature of this facility 1S the availability of

electron neutrinos separated from the muon neutrinos in time. The low duty

factor will suppress cosmic-ray backgrounds to allow clean ve-e scattering

experiments.

Furthermore, this facility will also allow the study of

neutrino-nucleus scattering. In particular, at the low-momentum transfers

available, one may study individual inelastic transitions where che nuclear

states provide unique selectivity, especially with regard to the isospin

structure of the charged and neutral currents. Wit,h both muon and electron

neutrinos available, one will be able to conduct detailed tests of

universality. The availability of high-intensity muon neutrino and muon

antineutrino beams will make tests of CP violation possible.

The design for this facility has benefited from many contributions by

F. 130ehm, R. McKeown, and P. Nemethy. We thank them for their assistance.
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TARLF I

SFLECTFD FVFNT RATES E)!PEC’T’FPIN DETECTOR FOR 1(73RUNNING DAYS

@v - 4 x 1(-)6 V/cmZ-s

Detector composition: 365 tons of Al + 128 tons of CH,,1 (stint.)

VbAl ● ~- + x 680,000 !“.vc + u- + ~ 224,000

T#l+u++x 11,000 ;Bc ~‘+x 4,000

Spp + p‘+n 56,000

Vpc + UPC* (15.11 PLv)

VUP + VPP 1,900

Vvp + iipp 180

600 Vvc u- + fIJ12(~+) 16,000

130 Vpc ● )1++ Blz(e-) 800

1,500

120

Vee + vee (beam stop at q m) 500

UeAl ● e- + X (beam stop at 9 m) 3,000
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FIGI]RF. CAPTIONS

FiE. 1. Layout of proposed neutrino facility ehtidng ●xisting and propoeed
conetructlon.

FIR. 2. Beam transport system of proposed fat! ty t3howinR extraction llnee
from PSR and Line l’)feeding new neutrino beam line.

Fig. 3. Layout of new construction proposed at end of Line D. The three
target positions (30-m decay channel, 12-F decay channel, and water
betvn stop) are shown.

Fig. 4. The computed Vp and ~P energy epectra are shown . The total
integrated fluxes are given for the optimal pion decay channel
lengths and dipole focusing fields discussed in the text.

lIR. 5. Module for a poesible 500-ton neutrino detector.

FIR. 6. Contour map of site of proposed neucrim facility and propoeed
2(H1-m and 380C-m detector buildings.

Fig. 7. The exptirimental sensitivity for propomed and completed

experiments. The area to the right of the curve is excluded.
Ref. 1 has the complete list of experiments.
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